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Fat additives to compound feeds are one of the sources of fatty acids and contribute to the fatty acid profile in pig fat. Oilseeds are the most important source of fat in the feeds for pigs. The fat content and the fatty acid composition in the oilseeds depend on the species and variety of the crop. The analyses of the vegetable oils in terms of the fatty acid composition imply that certain varieties of flax (Linum usitatissimum L.) show a beneficial fatty acid composition, mainly a high content of the n-3 polyunsaturated fatty acids (PUFA) and particularly the alpha-linolenic acid, which is a precursor for other fatty acids of the n-6 and n-3 series (Beckova and Vaclavkova 2010; Jasinska and Kurek 2017) . The works of Brodowska et al. (2018) and Leikus et al. (2018) suggest that a diet supplemen-Supported by the project of MENDELU internal grant agency, Faculty of Agriculture (No. TP 7/2017) and by the Ministry of Agriculture of the Czech Republic, institutional support No. https://doi.org/10.17221/42/2019-VETMED tation for pigs with linseed can increase the nutritional value of their meat without a negative effect on the organoleptic properties or the oxidative stability. Linseed is added to the diet in various forms (crushed, extruded, scrapped) . The doses of linseed in the feed mixtures range from 1% to 15% (Matthews et al. 2000; Corino et al. 2008; Okrouhla et al. 2013) . The studies show that even a 1% share changes the fatty acid profile in the pork fat. A dose of at least 5% of linseed in the diet can be considered optimal (Vaclavkova and Beckova 2007; Juarez et al. 2010) .
Pork belongs to one of the very favourite types of meat, though rich in saturated fatty acids (SFA), which entails a certain health risk. At present, pressure on the food quality in terms of the composition is constantly increasing. The possible additions of various components increasing the nutritional value of the final products are being studied. Consumers require food that is healthy and contains functional components (Tartrakoon et al. 2016) . The interest in the PUFA is mainly a result of its possible utilisation in therapy, in the food industry and nutrition. The PUFA are known to efficiently prevent sudden heart attacks, have a positive effect on the immune system, lower mortality rates due to cardiovascular diseases, reduce arrhythmia and help to protect against these conditions even at small doses. The effects of the PUFA are also hypocholesterolaemic and anti-inflammatory. Effects leading to a slowdown of the metastatic activity of tumours have been described. The PUFA are necessary for the correct development of brain functions in the prenatal period. The beneficial effects are mainly associated with the content of the alphalinolenic (C18:3 n-3), gamma-linolenic (C18:3 n-6), eicosatetraenoic (C20:4 n-3), eicosapentaenoic (C20:5 n-3) and docosahexaenoic acids (C22:6 n-3).
At present, the n-6/n-3 PUFA ratio in a modern diet is high (10-15 : 1). The optimal ratio is considered to be 4 : 1; that is why the production of pork enriched in n-3 fatty acids is becoming more and more interesting for many producers Ruxton et al. 2005; Vaclavkova el al. 2016) .
Support for the production of pork, which can have a more beneficial composition of the n-3 PUFA and, therefore, a more beneficial influence on the human organism, could increase interest in this meat type. Thus, the aim of this study was to evaluate the effect of a diet that contained linseed scrap on the carcass value parameters, the quality and the oxidative stability of the meat. Another aim was to analyse the effect of the linseed diet on the fatty acid profile in the intramuscular fat of M. longissimus lumborum et thoracis and the backfat in fattening gilts.
MATERIAL AND METHODS

Animals and diets.
A total of 40 gilts of a hybrid combination (Large White × Landrace) × (Duroc × Pietrain) were included in the experiment. The gilts were divided into two groups (20 animals per group) fed with two different feed mixtures: a control feed mixture (C) and an experimental feed mixture (L) with the addition of the linseed scrap (7%). The composition of the feed mixtures and the nutrient contents are shown in Table 1 . The fatty acid composition in the feed mixtures is shown in Table 2 . The gilts were housed in an experimental stable in 4 pens of 12 animals. The gilts were included in the experiment at the age of 125 days and a mean weight of 65.67 ± 7.04 kg and slaughtered when 182 days old weighing 111.25 ± 8.39 kg on average. For the duration of the experiment, the feed and water were available for the pigs ad libitum.
The provisions preceding the slaughter and measuring after the slaughter. After the fattening was finished, the gilts were transferred to a slaughterhouse at a maximum distance of 40 km from the experimental stable. The animals were not fed on the day when they were slaughtered, but water for drinking was available. After resting for at least two hours, the gilts were slaughtered after previously being stunned. The slaughterhouse provided data on the lean meat content and the backfat thickness collected during the classification of the carcasses according to the ZP method (Zwei-Punkt-Verfahren) of the SEUROP system (EU decision 2005/1/ES). The collection of the meat and backfat samples was performed within 24 hours after the slaughter from the area between the second and the third last rib and a portable fridge was used for their transport to the laboratory. The drip loss was determined from the weight change of 150 g of meat hanging in a bag at 5 °C during the interval from 24 to 48 h after the slaughter.
Analyses. The thiobarbituric acid method of Piette and Raymond (1999) was used for the determination of the meat and the backfat oxidative stability and the results were expressed as the amount of thiobarbituric acid reactive substances https://doi.org/10.17221/42/2019-VETMED (TBARS) in mg malondialdehyde per kg of meat. The intramuscular fat content was measured by extraction in a Soxtec 1043 device (FOSS Tecator AB, Hoganas, Sweden) in accordance with CSN ISO 1444 (1997 . For the measurement of the pH in the meat, a portable pH meter (pH 340i) equipped with a glass electrode was used and the measurement was performed in the fresh samples, 45 min (pH 45 ) and 24 hours (pH 24 ) post mortem. The samples of the intramuscular fat (collected from M. lon- Sigma-Aldrich, St. Louis, MO) was used for the determination of the fatty acid profile and the percentages of the total fatty acids were calculated. Statistical analysis. The data were statistically analysed in the form of a mean ± standard error by a one-way ANOVA (analysis of variance) and the Student's test in the QC expert software (TriloByte Statistical Software Ltd., Staré Hradiště, Czech Republic). The differences between the means were considered very highly statistically significant (***) when P < 0.001, highly statistically significant (**) when P < 0.01 and statistically significant (*) when P < 0.05.
RESULTS
The carcass characteristics and the parameters of the meat quality and oxidative stability
The selected characteristics of the carcass traits and the quality and the oxidative stability of the meat in the gilts fed with the control (C) feed mixture and the mixture with the addition of linseed (L) are shown in Table 3 .
The findings imply that the gilts fed with the C mixture showed a higher backfat thickness by 0.63 mm (P < 0.05) than the gilts in the L group. In the L group, a higher share of the lean meat was observed when compared to the C group, by 1.3%, however, the difference was not significant. A higher content of intramuscular fat was found in the C group, by 0.21% (P < 0.05). A higher drip loss value was observed in the L group, by 0.92% (P < 0.001). Also, the values of pH 45 and pH 24 were higher (P < 0.01) in the L group than in the C group. Evaluation of the oxidative stability of the fat in the meat showed no effect of the linseed scrap addition to the feed mixture on the malondialdehyde concentration.
The fatty acid profile in the intramuscular fat and the backfat samples
The analysed MLLT and backfat samples contained 13 types of saturated fatty acids (SFA), 0.09 ± 0.02 0.10 ± 0.01 ns ns = not significant; TBARS = thiobarbituric acid-reactive substances P > 0.05; *P < 0.05; **P < 0.01; ***P < 0.001 https://doi.org/10.17221/42/2019-VETMED 6 types of monounsaturated fatty acids (MUFA) and 12 types of polyunsaturated fatty acids (PUFA). Table 4 presents the fatty acid composition in the intramuscular fat of the MLLT in the fattening gilts of the C and L groups. Of the SFA, a higher proportion of C12:0 (P < 0.05), C13:0 (P < 0.01), C14:0 (P < 0.01), C18:0 (P < 0.05), and C20:0 (P < 0.01) was observed in the L group. On the contrary, the proportions of C16:0 (P < 0.01) and C22:0 (P < 0.01) were lower in the L group than in the control one. Of the MUFA, the L group of the gilts was characterised by higher proportions of C14:1 n-5 (P < 0.001) and C24:1 n-9 (P < 0.001) when compared to the C group. Contrariwise, the proportions of C18:1 n-7 (P < 0.05), C18:1 n-9 (P < 0.001) and C20:1 n-9 (P < 0.05) were lower in the MLLT of the L group than of the C group. Regarding the PUFA, a significant effect of the L diet was observed in the increasing proportions of C18:2 n-6 (P < 0.001), C18:3 n-3 (P < 0.001), C20:3 n-3 (P < 0.001), C20:4 n-3 (P < 0.001) and C20:5 n-3 (P < 0.01). On the contrary, the C18:3 n-6 (P < 0.01), C20:3 n-6 (P < 0.01), C20:4 n-6 (P < 0.01), C22:4 n-6 (P < 0.001) and C22:6 n-3 (P < 0.01) fatty acids were found in lower proportions in the L group of the gilts. The total proportion of the MUFA was lower (P < 0.01) in the L group than in the C group, but the share of the PUFA was higher (P < 0.01). This result corresponds to the fatty acid composition in the L feed mixture. The proportion of the n-6 and n-3 PUFA was significantly higher (P < 0.001) in the MLLT of the gilts fed with the linseed diet. Also, the n-6/n-3 PUFA ratio was significantly lower (P < 0.001) in the L group. The ratio of the PUFA/ SFA was more favourable (P < 0.01) in the MLLT of the gilts fed with the L feed mixture. Table 5 presents the composition of the fatty acids in the backfat of the observed gilts in the C and L group. Of the SFA, a higher proportion of C22:0 (P < 0.001) was found in the L group. Contrariwise, the L group was characterised by lower proportions of C13:0 (P < 0.01) and C16:0 (P < 0.05) in comparison with the control animals. Of the group of the MUFA, the fattening gilts fed with the L diet were characterised by a higher proportion of C18:1 n-7 (P <0.001), C18:1 n-9 (P < 0.001) and C20:1 n-9 (P < 0.001) when compared to the C gilts. On the contrary, the levels of C24:1 n-9 (P < 0.01) and C18:2 n-6 (P < 0.05) were higher in the C group. Of the PUFA, a significant effect of the L diet was observed 39.821 ± 0.419 34.571 ± 0.209 *** C20:1 n-9 0.736 ± 0.021 0.623 ± 0.033 * C24:1 n-9 0.037 ± 0.004 0.065 ± 0.007 *** C18:2 n-6 6.155± 0.178 10.338 ± 0.393 *** C20:2 n-6 0.311 ± 0.020 0.369 ± 0.010 ns C18:3 n-3 0.581 ± 0.040 1.918 ± 0.020 *** C18:3 n-6 0.119 ± 0.008 0.080 ± 0.007 ** C20:3 n-3 0.104 ± 0.004 0.350 ± 0.008 *** C20:3 n-6 0.347 ± 0.031 0.195 ± 0.018 ** C20:4 n-3 0.039 ± 0.004 0.164 ± 0.005 *** C20:4 n-6 2.409 ± 0.207 1.209 ± 0.103 ** C22:4 n-6 0.439 ± 0.047 0.163 ± 0.011 *** C20:5 n-3 0.025 ± 0.003 0.087 ± 0.002 ** in the increased levels of the C18:2 n-6 (P < 0.05), C18:3 n-3 (P < 0.001), C20:3 n-3 (P < 0.001), C20:4 n-3 (P < 0.001), C20:5 n-3 (P < 0.05) and C 20:4 n-3 (P < 0.001) acids, while the C20:4 n-6 (P < 0.01) and C22:5 n-3 (P < 0.01) acids showed the opposite trend. The total proportion of the SFA was lower (P < 0.05) in the L group compared to the control one. The total proportion of the UFA was higher in the L group (P < 0.05), however, the share of the MUFA was lower (P < 0.001) in the L group. The share of the PUFA in the backfat of the gilts was higher (P < 0.001) in the L group when compared against the control. The proportion of the n-3 PUFA was higher (P < 0.001) in the L group. The n-6/n-3 PUFA ratio was significantly more favourable (P < 0.001) in the L group than in the C group. Also, the PUFA/SFA ratio in the backfat of the gilts was higher (P < 0.001) in the L group.
DISCUSSION
The analysis revealed differences between the control and experimental group of gilts in the characteristics of the carcass and the meat quality. Vaclavkova et al. (2016) described a similar trend in pigs (Prestice Black-pied pig, both sexes, 72 kg at the start of the experiment) fed with linseed scrap in the dose of 70 g/kg for 53 days when compared to the control. The pigs fed with the addition of linseed were characterised by a lower content of backfat (21.1 mm vs. 23.4 mm) and intramuscular fat (19.4 g/kg vs. 23.2 g/kg), a higher lean meat content (53.1% vs. 51.1%) and a higher drip loss value (2.51% vs. 2.37%). Peiretti et al. (2015) observed a higher drip loss in meat with a higher pH. When the pH was 6.5, the drip loss reached the level of 7.0%. These authors also state that the higher drip loss value indicates a lower meat quality, the more intensive releasing of fluid from the meat decreases its quality from the consumers' point of view. Rezar et al. (2003) state that the utilisation of linseed in the feeding dose for pigs increases the level of the oxidative stress in the meat. Substitution of the saturated fatty acids with polyunsaturated fatty acids in the meat can influence the organoleptic characteristics of the meat, the pH and the colour of the meat. According to Suzuki et al. (2006) , there is a positive correlation between the linoleic acid (C18:2 n-6) content and the drip loss value (genetic correlation 0.38, 2.976 ± 0.082 2.650 ± 0.047 *** C18:1 n-9 39.444 ± 0.319 36.645 ± 0.429 *** C20:1 n-9 0.990 ± 0.027 0.815 ± 0.026 *** C24:1 n-9 0.010 ± 0.001 0.016 ± 0.002 ** C18:2 n-6 8.837 ± 0.300 10.054 ± 0.417 * C20:2 n-6 0.481 ± 0.019 0.482 ± 0.022 ns C18:3 n-3 0.970 ± 0.055 4.160 ± 0.333 *** C18:3 n-6 0.036 ± 0.002 0.036 ± 0.004 ns C20:3 n-3 0.183 ± 0.008 0.622 ± 0.049 *** C20:3 n-6 0.084 ± 0.005 0.073 ± 0.003 ns C20:4 n-3 0.020 ± 0.003 0.047 ± 0.002 *** C20:4 n-6 0.207 ± 0.010 0.170 ± 0.006 ** C22:4 n-6 0.081 ± 0.007 0.054 ± 0.005 ** C20:5 n-3 0.010 ± 0.002 0.021 ± 0.004 * C22:5 n-3 0.085 ± 0.005 0.212 ± 0.023 *** C22:6 n-3 0.021 ± 0.002 0. MUFA = monounsaturated fatty acids; ns = not significant; PUFA = polyunsaturated fatty acids; SFA = saturated fatty acids; UFA = unsaturated fatty acids P > 0.05; *P < 0.05; **P < 0.01; ***P < 0.001 https://doi.org/10.17221/42/2019-VETMED phenotypic correlation 0.12) and the pH value (0.23 resp. 0.04). The effect of the linseed in the diet on pH 24 was also studied by Corino et al. (2008) or Karolyi et al. (2012) . In both studies, a higher pH 24 was recorded in the groups of the pigs fed with the linseed diet, however, the results are not statistically significant. Corino et al. (2008) state that in pigs which were on a diet supplemented with 5% of the linseed and slaughtered with a weight of 110 kg, the pH 24 value reached 5.58, while in control group it was 5.47. Beckova and Vaclavkova (2010) proved that a linseed diet (the share of linseed was 13.4 %, the weight at the start of the experiment was 38 kg and 88 kg at the end) increased the pH 45 (6.00 vs. 5.91) in the four-breed hybrid fattening gilts when compared to the control. They also found that the L diet did not affect the lean meat content in the carcass (59.22% vs. 59.13%).
The authors observed a lower intramuscular fat content in the experimental group (24.5 g/kg vs. 26.5 g/kg) than in the control, which corresponds to the results of the present study. On the contrary, Huang et al. (2008) and Luo et al. (2009) found an increased content of backfat and intramuscular fat in the pigs fed with a linseed diet, which could be caused by the duration of the supplementation of the diet with the linseed, over 60 days. Huang et al. (2008) conducted an experiment on boars and stated that the increased length of the linseed diet administration was associated with the increased intramuscular fat content (P < 0.05). The findings of Okrouhla et al. (2013) indicate that the sex of the pigs can influence the observed parameters. They fed hybrid pigs with a linseed diet in the dose of 150 g/day and found a higher intramuscular fat content in the barrows, however, the difference was not statistically significant. Guillevic et al. (2009) suggest that the addition of linseed oil to the nutrition of pigs caused the increased sensitivity of the pork meat to oxidation. Also, Jasinska and Kurek (2017) stated that the enrichment of the feed mixture with the n-3 PUFA led to a meat quality deterioration and increased sensitivity to oxidation, which is in contradiction to our findings. Our study confirmed the results of Corino et al. (2008) and Beckova and Vaclavkova (2010) who found no effect of the linseed diet on the fat oxidation in the meat. Although the content of the alpha linolenic acid increased due to diet in this study, it did not reach 3% which is considered a threshold value, when fat oxidation can be observed, as stated by Wood et al. (2003) . Dordevic et al. (2016) state that the meat oxidative stability in pigs fed with a mixture enriched in linseed scrap is higher when compared to other feed components (soya, sunflower).
The analysis of the fatty acid profile in the MLLT of the pigs revealed that the L diet positively influenced the composition of the fatty acids. Similar findings were also published by Kouba et al. (2003) , who fed gilts (Large White × Landrace × Duroc) from the weight of 40 kg with a feed mixture containing 6% of crushed linseed for 20, 60 and 100 days. They found that the L diet decreased the proportion of C18:1 n-9 and increased the proportion of C18:3 n-3 and C20:5 n-3 and improved the PUFA/SFA ratio (0.37% in the control vs. 0.54% in the experimental population), but proved no effect of the linseed diet duration on the fatty acid profile. Also, Bretensky et al. (2016) state that feeding hybrid gilts with linseed oil with a daily dose of 5 ml per animal for 70 days from the live weight of 25 kg led to a decrease of C18:1 n-9 in the MLLT by 1% and an increase of C18:3 n-3 in the MLLT of the experimental animals against the control (1.15% vs. 0.73%) as well as the n-3 PUFA proportion (1.25% vs. 0.73%) and the total proportion of the PUFA (12.27 vs. 10.96), however the proportion of the n-6 PUFA was not statistically different between the groups. The authors also proved a lower n-3/n-6 PUFA ratio in the L population (14.07% vs. 8.84%) similarly to our experiment, however, the ratio was much more favourable in our observation, which indicates that the used variety of linseed can be an important factor, which is also emphasised by Vaclavkova et al. (2016) . Also, other studies proved that utilisation of flax in various forms and levels improves the fatty acid profile of the pork. For example, Bee et al. (2008) used 3% of extruded linseed, Kralik et al. (2010) used 2% of linseed oil, Okrouhla et al. (2013) used linseed (150 g/kg) and Leikus et al. (2018) used 25 g of linseed scrap per kg. These studies confirmed the increased n-3 PUFA, the overall improvement of the PUFA/SFA and the n-3/n-6 PUFA ratio in the intramuscular fat.
According to our study, the linseed diet also affects the fatty acid profile in the backfat of the pigs. The observation revealed that the fatty acid profile is even more favourable than in the intramuscular fat in the pigs fed with the L diet. These findings were confirmed by Citek et al. (2015) who gave linseed in a dose of 150 g/kg to pigs from the weight of https://doi.org/10.17221/42/2019-VETMED 28.7 kg to 110 kg and observed a significantly lower proportion of C16:0 (28.39% vs. 29.48%), C16:1 n-7 (4.97% vs. 6.72%) and C18:1 n-9 (29.37% vs. 34.39%) and a higher proportion of C18:3 n-3 (6.68% vs. 1.41%) and a higher total proportion of the n-3 PUFA (7.17% vs. 1.5%), as well as the n-6/n-3 PUFA ratio (3.6% vs. 15.22%) in the backfat of the L pigs compared to the control. Karolyi et al. (2012) described similar findings in hybrid PIC (Pietrain × Duroc) pigs fed with a linseed diet for 90 days with significantly lower proportions of C18:2 n-6 (13.5% vs. 15.2%), C20:4 n-6 (3.4% vs. 4.8%), C22:4 n-6 (0.40% vs. 0.79%) but higher shares of C18:3 n-3 (1.9% vs. 0.44%), C20:3 n-3 (0.28% vs. 0.08%) and C20:5 n-3 (0.76% vs. 0.14%) and the n-6/n-3 PUFA ratio (4.6% vs. 14.4%) in the experimental population against the control. These findings were confirmed by Dordevic et al. (2016) . The differences in the composition of the fatty acids in the mentioned studies can be influenced by the sex of the experimental animals, which was noted by Okrouhla et al. (2013) , who recorded higher proportions of C20:4 n-6 and C20:3 n-3 in the gilts. Also, the genotype of the animals can influence the fatty acid profile, for example, the studies of Kasprzyk et al. (2015) and Nevrkla et al. (2017) proved that pigs with a higher fat content are characterised by a lower n-6/n-3 PUFA ratio than the pigs with a higher meat conformation.
The experiment proved that fattening the gilts fed with a linseed diet showed a lower content of backfat and intramuscular fat, but also a higher drip loss value and a higher pH of the meat. It also confirmed that the linseed diet positively influenced the fatty acid profile in the intramuscular fat and backfat. The experimental gilts were characterised by a higher SFA proportion and a higher PUFA proportion, mainly the n-3 PUFA proportion, which was positively reflected in a more favourable n-6/n-3 PUFA ratio. Despite the higher content of the PUFA recorded in the experimental group of the gilts, the oxidative stability of the fat in the meat was not worsened.
